Objectives The objective of this study is to assess oral health and oral status of elderly patients newly admitted to a nursing home from admission until death. Materials and methods Oral health, oral status, need for dental care, cooperation with dental treatment, and given dental care were assessed by two geriatric dentists in all new longstay patients (n = 725) admitted to a nursing home between January 2009 and December 2013. All patients were followed from admission until death or until they left the nursing home. Results At admission, dementia patients were significantly older than somatic patients; median [IQR] ages were, respectively, 85 [79][80][81][82][83][84][85][86][87][88][89] and 81 [76][77][78][79][80][81][82][83][84][85][86][87] (p = 0.001). In addition, edentulous patients were significantly older than patients with remaining teeth, 83 [79-89] versus 80 [74-86] (p = 0.001) years. Thirty percent of the admitted patients died within 12 months after admission. A small minority (20%) of the patients had their own teeth. In this group, poor oral hygiene (72%), caries (70%), and broken teeth (62%) were frequently observed. Edentulous patients were significantly more cooperative with treatment than patients with remaining teeth (64 versus 27%). Finally, significantly less professional dental care was given to edentulous patients when compared to patients with remaining teeth (median 90 versus 165 
Introduction
The increasing life expectancy and decreasing birth rate, particularly in the industrialized countries, have resulted in a progressive demographic transformation of the society into a society characterized by an increased proportion of elderly [1] . In 2020, about 40% of the population in the northern part of the Netherlands, the region where this study was performed, will be over 65 years of age (CBS 2011) [2] . Recently, this area was identified as having optimal circumstances for research into healthy aging [3] . The number of people over 80 years in this area will increase to approximately 10% of the population during the next three decades.
When elderly become care-dependent, their oral health usually becomes worse and gets less attention [4] . Oral health is neglected partly because care-dependent elderly need care on many levels, and this interferes with their activities of daily living such as food intake, drug intake, getting dressed, bathing, general health care, and physiotherapy. As a result, less time is reserved for activities that are commonly considered less important by elderly, including oral care [5, 6] . The lack of attention for oral care is a hidden health hazard as dental awareness and oral health are thought to be essential for general health and quality of life [7, 8] . A decline in the number and quality of natural teeth, a phenomenon that is quite common among elderly, can cause malnutrition, pain, and severe functional and esthetic problems, which in turn have a strong effect on oral health-related quality of life [8] and daily activities [9] . Dental and periodontal diseases are also significantly associated with occurrence and disease activity of diabetes [10] , cardiovascular disease [11] , atherosclerosis [12, 13] , rheumatoid arthritis [14] , kidney function [15] , pneumonia [16] , multiple sclerosis, and other systemic immune problems [7] . Furthermore, cognitive impairment and accumulation of amyloid plaques was shown to be more prevalent in persons with chewing difficulties [17] and poor oral health [18] . The impact of oral health on general health is probably even more severe in institutionalized elderly; this group is known to have higher levels of Candida species and Staphylococci in their oral environment, leading to a high risk of opportunistic infections [19] .
Due to this increasing need for dental services for elderly, research is needed to accurately characterize the oral health status and needs of the growing number of homebound and institutionalized elderly [12] . Several cross-sectional studies have reported on the oral health status of indwelling elderly [20] [21] [22] , but data on oral health status at admission and the specific problems and needs that occur during their stay in a nursing home are sparsely reported in the literature. Therefore, the aim of this study was to assess the oral health and oral status of long-stay elderly newly admitted to a nursing home, from admission until death or until they left the nursing home. The focus was on the specific needs of elderly with remaining teeth compared to edentulous elderly and their cooperation with dental treatment.
Patients and methods

Participants
All new elderly, 65 years and older referred to the long-stay somatic or dementia departments of two regional operating large nursing homes in the north of the Netherlands between January 2009 and December 2013 were scheduled for a standardized dental screening within 6 weeks after admission. Standardized dental screening was care as usual in both nursing homes and was performed according to the guidelines for oral care for elderly in nursing homes [23] . For all patients/ residents in Dutch nursing homes, the costs for dental screening and dental care are provided by the national health insurance. Demographics, oral health status, the need for dental care, mortality, and cooperation of the elderly patients for dental treatment were scored. All patients were followed until December 31, 2014 unless they deceased before. Verbal consent was obtained from either the subject or their legal representatives. The ethics review board of the University Medical Center Groningen provided a waiver that this is not an experimental study with tests subjects as stated in the Medical Research Involving Human Subject Act as the dental screening and oral care was part of the care as usual (Letter M13.133088).
Data collection
Standardized dental screening, as described above, was performed by ARH and AV, both geriatric dentists. These dentists have worked together for over 15 years, and were very experienced in performing oral examinations in geriatric patients. All patients were seen for a first dental screening within the first 6 weeks after admittance to the nursing home according to the guidelines of oral care for nursing homes in the Netherlands [23] . Verbal consent for this screening was obtained from all patients. In case dementia patients could not agree themselves as a result of their cognitive impairment, consent of the family of the patients helped out to let the dentist inspect the mouth as oral care is considered to be a part of routine daily care. As a result, all patients were screened. The first dental screening was performed in the patient's own room in the nursing home as most residents were very immobile or severely cognitive impaired. Basic dental instruments were used like mirrors and if appropriate dental probes in combination with professional bright flashlights. In case elderly had remaining teeth, a second thoroughly dental screening was performed in the dental office of the nursing home if possible.
Besides demographic characteristics of the patients, the following items were scored and noted on a standardized intake form during the dental screening:
& Presence or absence of natural teeth. Patients were categorized as Bpatients with remaining teeth^if at least one natural tooth was present in the mouth. Edentulous patients (i.e., patients without teeth) with one or more residual roots underneath their fully dentures were also considered as edentulous. & Cooperation of the patient with dental examination and treatment (cooperative or non-cooperative). If a patient suffering from dementia firmly resisted (self-defense behavior, kicking, shouting, etc.) during inspection of the oral cavity or during simple necessary daily oral care (e.g., tooth brushing, denture cleaning), the patient was considered to be non-cooperative. & Oral hygiene was rated as good in the absence of visual plaque according to the score of Mombelli et al. [24] (score 0; Fig. 1a ), reasonable when some plaque was detected (score 1; Fig. 1b ), poor when thin layers of plaque were seen on all surfaces (score 2; Fig. 1c ), and bad when layers of plaque were present in the whole dentition (score 3; Fig. 1d ). & Track record of provided treatments. Of all dental treatments, the treatment time was recorded in tracks of 5 min.
On the basis of the screening data, the patients were categorized into the following two groups: patients with remaining teeth and edentulous patients. The latter group included patients with or without full dentures and patients with overdentures attached to dental implants. Next, a standardized specific group-related screening was done to collect additional information about their dental situation.
Patients with remaining teeth (including single-tooth replacement on implants)
& Number of teeth present; & Presence of partial prostheses (yes or no); & Number of decayed and broken teeth; & Presence of dental implants (number, brand, and type of suprastructure).
As a reliable full periodontal screening was not possible in most residents due to lack of cooperation, such data were not entered in our analyses for remaining teeth and/or implants. Visual inspection and basic dental instruments were used to detect caries. No X-rays were used as this was not available in the nursing homes and most patients were not able to cooperate enough to make good X-rays. When decay was detectable with the human eye and/or with the use of dental probes (in other words, when it was through the enamel and in the dentine), it was considered as caries.
Edentulous patients
& Fitting and retention of prosthesis (good, moderate, bad); & Occlusion (adequate contact between the lower and upper denture); & Broken denture teeth; & Fractured denture base; & Presence of dental implants to retain implant-retained dental prostheses. When dental implants were present, number and brand of the dental implants were noted as well as the type of suprastructure (e.g., ball attachments, bar-clip construction).
As reliable probing of the peri-implant tissue was not possible in most residents due to lack of cooperation, such data were not entered in our analyses for implants.
After the standardized dental screening at intake, a treatment plan was made for all patients, who then received the dental care they needed while taking their health status in account. For example, dental treatment was not always possible and desirable due to severe health problems, poor mobility, and personal wishes. Only rather simple treatments were performed such as recall, cleansing, extractions, dental restorations and relining, and rebasing or renewal of dentures, but no complex prosthodontics were used such as fixed partial dentures (crown and bridgework). The number of consultations and the given dental treatment (in minutes) were scored from date of admission until the resident died or left the nursing home.
Statistical analysis
Baseline characteristics were analyzed using descriptive statistics. Differences between elderly subgroups that differed on individual characteristics (i.e., oral health status, age, gender) 
Results
Patients
Between January 2009 and December 2013, 725 patients (479 dementia patients, 246 somatic patients) were examined for dental screening within 6 weeks after admission to the nursing home ( Table 1 ). The median age at admission was 83 years . Dementia patients were significantly older than somatic patients (p = 0.001). In addition, edentulous patients were significantly older than patients with remaining teeth (p = 0.001; see Fig. 2 ). During follow-up, 27% (n = 198) of the patients remained institutionalized and 15% (n = 107) of the patients left the nursing home to live either in another nursing home in the vicinity of the family or went back home to be nursed there or to die near their family. Almost 60% (n = 420) of the patients died during the follow-up period, of whom 29% within the first year after admission (n = 208) ( Table 2) .
The oral health status and age of the patients who died in the first year of admission did not differ significantly from those who stayed for a longer period of time in the nursing home (p = 0.81 and 0.66, respectively). The years before admission, hardly any of the patients had visited their family dentist. Many patients or their representatives could not even identify their former family dentist. Thus, except for a few patients, no information about former dental treatment was available.
Oral status
About 20% of the admitted patients had remaining teeth. Patients with remaining teeth were far more often non-cooperative than edentulous patients (64 versus 27%, p = 0.001; Table 3 ). Cooperation did not differ between males and females.
Patients with remaining teeth (n = 152) More males than females had remaining teeth (25 versus 19%, p = 0.05). Overall, oral hygiene was poor at admission (72%) and stayed poor during the stay in the nursing home. Caries was seen frequently (70% of the patients had more than one caries lesion). Furthermore, 62% of the patients had one or more broken teeth or broken restorations ( Table 3) . None of the patients had dental implants retain a dental crown.
Patients with remaining teeth needed significantly more dental treatment time during their stay in the nursing home than edentulous residents (median 165 min [IQR 75-375] versus 90 [IQR 60-180], p = 0.001). Three categories of patients with remaining teeth could be distinguished:
1)
Patients with a dentition in no need of or minor need for dental treatment (fabrication of one or more dental restorations and/or fabrication or repair of partial dentures; 13%). Oral care was aimed to sustain the maximal possible oral function; 2) Patients with a dentition in need of excessive dental care, such as extractions combined with multiple restorations and/or the fabrication of partial prostheses (74%). Oral care was aimed to uphold minimal oral functioning; 3) Patients in need of removal of all remaining teeth (to sustain or improve general health) combined with prosthodontic rehabilitation (if applicable and possible) after removal of the teeth (13%). In the great majority of this group of patients, it was not possible to fabricate a functional denture, (2) mainly because residents were very uncooperative, could not get used to wearing a denture, or refused to wear a denture.
Edentulous patients (n = 556)
At admission, 89% of the edentulous patients had a set of full dentures. From the patients who had a denture, 7% did not wear their dentures, 6% only wore upper dentures, and 0.3% only lower dentures. For those who wore their dentures, in about one third of the patients, the fit and retention of the prostheses at intake was poor to very poor. A new set of dentures was made in one third of the patients who came in without prosthesis, but the fabrication of this new set of dentures was only successful in 66% of these cases, as one third were no longer able to get used to a new set of dentures.
Among the patients with dental implants (n = 17), different types and brands of implants and suprastructures were observed to retain a mandibular denture (Table 4 ). In two out of the five implant patients who did not wear their implant-retained mandibular denture anymore, the suprastructures had to be removed due to mucosal trauma caused by the suprastructure. Severe periimplant bone loss with massive bleeding and discharge of pus on probing were present in one patient suffering from dementia. In this patient, the transmandibular implant (TMI) had to be removed under general anesthesia, as described by Visser et al. [21] .
Discussion
Analysis of the oral health and oral status of newly admitted long-stay elderly revealed that at admission, age of patients with Fig. 2 Box plot of the differences in age (median, IQR) at admission between somatic patients with and without remaining teeth when compared to dementia patients with and without remaining teeth. Dementia patients were significantly older than somatic patients (p = 0.001). Edentulous patients were significantly older than patients with remaining teeth (p = 0.001) Left nursing home n (%) 26 (21) 23 (16) 13 (10) 21 (15) 24 (15) 107 (15) Still alive at end of study n (%) 12 (10) 17 (11) 34 (24) 54 (36) 81 (50) 198 (27) Died in first year of admission n (%) 32 (26) 55 (37) 39 (27) 36 (24) 46 (28) remaining teeth was lower than of edentulous patients as well as that dementia patients were older than somatic patients. With respect to the specific needs of elderly with remaining teeth, oral health and oral hygiene of these patients were usually very poor and their need for oral care was high. In this respect, it is important to note that patients with remaining teeth, often patients that are in need for dental treatment, are less cooperative for dental treatment when compared to edentulous patients. The proportion of elderly with remaining teeth in our patient cohort was rather small when compared to edentulous elderly, which may be related to the rather high age of admission of patients to the nursing home. The number of patients with remaining teeth will probably increase during the next decades as the percentage of elderly with remaining teeth is rapidly growing. Currently, over the age of 75 years, edentulous patients are still in the far majority in the northern part of the Netherlands [25] , while in the 65-75-year-old elderly, the number of edentulous patients is rapidly declining when compared with elderly of 65-75 in earlier years [26] . This foreseen increase in number of elderly with remaining teeth will have significant impact on the dental needs of institutionalized elderly. The organization of oral care in nursing homes is therefore in high need of optimization as many of the institutionalized elderly are not able to take care for their teeth themselves and their dental awareness is low.
According to the literature, oral health of elderly is often poor [5, 22, 27, 28] . Most of these data were retrieved from studies looking at cohorts of elderly patients living in nursery or elderly homes for many years. Moreover, these studies claim that oral health is becoming poor when elderly are nursed in the nursing home due to the lack of oral self-care and the neglect and shortage of time among caregivers to provide their residents with the oral care they need [22, 29] . We addressed the level of oral care and oral health at admission to the nursing home and showed that oral health as well as oral care was already poor in most of the cases when admitted to the nursing home. The cross-sectional study of Gerritsen et al. [22] described the oral health of all indwelling residents residing in a nursing home at a certain moment, thus irrespective of how long these elderly already lived in that nursing home. By contrast, we reported the oral health status of all newly admitted residents that were admitted to the studied Non-cooperative, n (%) 34 (35) 42 (36) 23 (20) 26 (21) 29 (22) 154 (27) Poor fitting prosthesis, n (%) 31 (32) 40 (34) 40 (36) 31 (26) 28 (22) 170 (30) Poor retention, n (%) 33 (34) 41 (35) 37 (33) 39 (33) 29 (23) 179 ( Number, n (%) 3 (18) nursing homes during a period of 5 years. We also showed, as mentioned before, that many of these elderly patients are not very cooperative with oral care. We hypothesize that this poor oral health at admission may be due in part to the fact that subjects who become care-dependent commonly stay in their own homes with the aid of day care nurses visiting their homes as long as possible. Moreover, most of these subjects are not able anymore to visit a dentist due to transportation or mobility problems and have often impaired skills to clean their dentition or dentures in a proper way. In other words, mobility problems are probably strong factors promoting dental decline, while elderly themselves are often not aware of these, usually rather slowly progressing, changes in their lives, reflected in, among others a worse oral hygiene and declining dental treatment by missing regular dental checkups due to general health problems. In this respect, it is important to note that most home care nurses are untrained in providing oral hygiene care [30] . The same counts for nurses in nursing homes [31] . In addition, multi-drug treatment, which is quite common in elderly, is often accompanied by xerostomia and reduced salivary flow. This impairs the self-cleansing of the mouth and promotes dental decay [32, 33] . Improved awareness of the poor oral health status of the elderly should be an urgent priority among care providers. When elderly start becoming care-dependent, care workers should already keep an eye on their dental status and ensure that life-proof dental care is given to these elderly, either by themselves or by actively asking support from dental professionals. In other words, there is an increasing need for geriatricians to become aware of the health hazard of poor oral health and for dentists to have training in geriatrics [34] . If oral health care providers and geriatricians do not take the responsibility of persuading society of the importance of adequate oral health, weakened oral health of community-dwelling older people will become a new geriatric syndrome [35] .
Patients with remaining teeth were far more often noncooperative and agitated than patients without remaining teeth. They were often difficult to treat, even in experienced hands. Patients with dementia can be very agitated and otherwise difficult to treat. [36] . Such patients can be in pain but are often not able to communicate that they are in pain, resulting in non-cooperative behavior in daily, medical and oral care. In our clinic, behavior of patients, appointed by nursing staff, often improved after treating possible pain complaints, which is in agreement with the findings of Husebo et al. [37] , who showed that pain was related to agitation. In addition, patients are often also in very poor general condition; almost one third of the patients died during the first year of admittance. This poor general health makes dental treatment even more complex or sometimes impossible as these patients are already in a very poor health or mental condition at admittance.
Conclusions
When compared to edentulous elderly patients, patients with remaining teeth were on average younger at admittance, were more often non-cooperative, and had a poorer oral health and higher need for dental care.
